The question the recent study sets out to answer was whether children with cancer lived, on average, closer to an NPP than randomly selected healthy control children. Specifically, it was investigated whether there is a connection between the distance from residence to nearest NPP and the occurrence of a malignant disease (formulated statistically as a one-sided proposition).
In the KiKK study, as in the preceding studies, an increased risk of leukemia was observed for children under the age of 5 years who live within 5 km of an NPP. In light of the available data on the radiation emitted by German power reactors during normal operation, however, a direct link with the radiation seems implausible on the basis of current knowledge.
In this article the authors report the results of a series of analyses extending beyond the original evaluation concept and the concluding report (tables 1, 2, 3) , as well as additional analyses solely on the basis of data from the German Childhood Cancer Registry (tables 4, 5) .
Materials and methods
The methods of the KiKK study are described in detail elsewhere and are therefore outlined only briefly here (box) (7, 9) . The KiKK study was a case-control study. A total of 41 administrative districts (Landkreise) in the vicinity of 16 NPP in western Germany were defined as the study region ( figure) . Cases, as defined in the study, were all the children under 5 years of age diagnosed with a malignant disease (definition: [14] ) between 1980 and 2003 who lived in the study region at the time of diagnosis and whose cases were notified to the German Childhood Cancer Registry (15) . Altogether there were 1592 children with malignant diseases, including 593 with leukemia. Two NPP, Lingen and Emsland, were built at the same site with different operating periods; thus, the study region comprised 15 sites with 16 NPP.
Results

KiKK study
The KiKK study showed that in Germany a relationship can be observed between proximity of residence to an NPP and the risk that a child will develop cancer before reaching 5 years of age. This connection, statistically confirmed in this study, holds only for the leukemias; for all other previously established diagnoses (brain tumors, embryonal tumors), no statistically significant results were found. Table 1 shows the odds ratios (OR) for leukemia as a whole and its subgroups for the categories up to 5 km and up to 10 km. Within the 5-km zone the risk of leukemia is twice that elsewhere in the study region (OR = 2.19); for the 10-km zone the OR = 1.33. For table 2 the zone of the study region more than 70 km from the nearest NPP was selected for comparison (reference category). An increased-albeit not statistically significant-OR of 2.27 can be seen for the 5-km zone, while in all other, more distant zones of the study region the OR lies between 0.90 (50-to 70-km zone) and 1.11 (30-to 50-km zone), with no distance trend discernible.
BOX
Materials and methods-background detail
For every case, three sex-and age-matched controls were randomly selected from the same district in the year of diagnosis (total 4735 controls, including 1766 for children with leukemia). For both cases and controls the residential address at the time of diagnosis (the corresponding date for controls) was geo-coded and the distance r to the outlet tower of the nearest nuclear power plant (NPP) established.
According to the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), 1/r approximates the radiation exposure as function of the distance r from a corresponding point source (16) . Therefore 1/r was included as a variable in the regression model used in the study. Odds ratios (OR) and the 95% confidence interval (CI) were estimated by means of conditional logistic regression analysis. If the lower limit of the CI lies above 1, the result is termed "statistically significant" (5% level).
Also calculated were standardized incidence ratios (SIR = O/E), i.e., the ratio of observed cases of disease (O) to expected cases (E). In this simple approach, commonly employed in analyses of regional data, disease rates at administrative unit level (at community or district level for example, i.e., not at individual level) are compared with the rate at national level. E is calculated from the number of inhabitants under 5 years of age in the region under investigation and the national disease frequency during the same time within the study period. The SIR is always given together with the corresponding 95% CI. SIR are presented for -the whole KiKK study region (including, in contrast to the KiKK study, some cases for which name and address were unknown) and -all 15 groups of administrative districts assigned to the individual NPP sites. It should be noted that some of the administrative districts were assigned to two or more NPP and thus were included in two or more SIR calculations (e.g., the administrative district of Stade belongs to the NPP at Brunsbuettel, Brokdorf, and Stade). The study period was defined individually for each NPP. (The year of diagnosis had to be between 1980 and 2003, and the diagnosis had to be made no less than 1 year after the commissioning date of the NPP and no more than 5 years after the NPP ceased operation.)
The type of settlement in a community is divided by the German Federal Office for Building and Regional Planning into 17 categories (as of 31 December 2001), grouped into three classes : "urban," "mixed," and "rural." The classification applies to the whole community, so that an outlying settlement defined administratively as part of a nearby town will count as "urban," despite its possibly rural character. Table 4 shows the SIR for the whole study region and for the areas around the 15 NPP sites. Neither for the whole study region nor for the individual NPP areas was a statistically significant deviation from the national average observed. The overall SIR for all 41 administrative districts was 0.99 (CI 0.92 to 1.07). The SIR values varied from 0.85 to 1.21 for the 15 groups of administrative districts around the individual NPP sites. Table 5 shows SIR by distance from the center of the community to the nearest NPP. The SIR value for the 5-km zone was 1.41. The 95% CI spans 1, so this SIR is not statistically significantly increased. The SIR values for communities whose centers are more than 5 km from the nearest NPP (5 to 10 km, 10 to 30 km, 30 to 50 km, 50 to 70 km, over 70 km) were statistically insignificant; they lay between 0.85 and 1.00.
Standardized incidence ratios (SIR) for the whole study region and individual NPP areas
Dividing the communities whose central points lay in the 5-km zone by type of settlement, the SIR was 1.81 (CI 0.73 to 3.72, based on 7 cases of disease) for rural localities, 1.18 (CI 0.69 to 1.90, 17 cases) for mixed settlements, and 1.71 (CI 0.82 to 3.14, 10 cases) for urban areas. None of these SIR values are statistically significantly elevated, and no trend is discernible (data not shown).
Evaluation of the case-control study showed a clearcut increase in risk for cases from rural localities.
Nevertheless, the estimator for the OR of the 5-km zone varied hardly at all after adjustment for these variables (2.21 vs 2.19). Thus the observed effect cannot be explained by the fact that NPP are preferably located in rural areas.
Discussion
The strength of the KiKK study lies in its consideration of all NPP regions of Germany collectively, enabling conclusions based on the greatest available number of relevant cases of disease. Notably, even after the pooling of all data, in the 24-year study period only 37 cases of leukemia in children under 5 within the 5-km zone were included in the evaluation (out of a total of 5893 cases of leukemia). Separate analysis for each individual NPP is therefore not meaningful with the selected study design.
The KiKK study has repeatedly been described as "the most painstakingly designed and most exhaustive survey worldwide" (e.g., press release of the Federal Office for Radiation Protection, 10 December 2007). This statement is not intended to conceal the fact that the present study, in common with almost all empirical, nonexperimental investigations, features potential distortions and limitations that can be clearly enumerated and must be taken into consideration when evaluating the findings. Some have already been described by Schulze-Rath et al. (17) . Compared with the earlier incidence studies, the new case-control study has a different It must be realized that the data of the most recent study are not independent from the data of the two preceding studies by the German Childhood Cancer Registry and do not constitute independent confirmation of the findings of earlier German studies. Increased incidence in the immediate vicinity of power reactors leads both to an increased SIR for communities in the area concerned (the approach of the first two incidence studies and the new analysis in table 5) and to an increased OR in the case-control design. Thus, the OR of 3.00 for 1980 to 1990 (table 3) corresponds to the almost identical relative risk from the first NPP study (RR = 3.01) (8) . The limitation of the study to children under 5 years of age and the determination of the predefined subsidiary issues for investigation with regard to the 5-km zone and the subgroup of leukemia were based on the corresponding findings of the first NPP study (10, 11) . The OR values in table 3 show a slightly decreasing tendency for the two periods after 1980 to 1990, to which the region around the NPP Krümmel made an essential contribution.
In case-control studies the nonresponse problem can lead to distortion of the results. Thus, in the most recent study the authors depended on the assistance of local authorities to recruit controls. Not all of them cooperated, the willingness to help varying according to the distance from the NPP. The consequences of this incomplete and sometimes error-prone recruitment of controls were, as far as possible with the available data, described in detail in sensitivity analyses in the concluding report (9) . These problems with control recruitment may have led to slight overestimation of the effect.
The decision to base the study region on the boundaries of administrative districts led to anomalies. For instance, any town that constituted its own administrative unit rather than being part of a district was not included, regardless of its proximity to the NPP concerned. Administrative districts have irregular boundaries, leading to inclusion of some communities very far from an NPP and exclusion of other communities that were much closer.
In none of the three NPP studies could confounders be taken into account. In the incidence studies, only the type of community was considered as potential influencing factor. The most recent study stratified individually by age, sex, year, and NPP area. A supplementary analysis also examined the influence of community type. Consideration of other potential confounders (e.g., social status) was categorically excluded in the earlier studies, and they were also not investigated in the KiKK study, for the reasons detailed in the concluding report (9) .
In both study types (incidence studies, case-control study), only the residential address at the time of diagnosis was used to determine distance; previous addresses were disregarded. Moreover, no information is available as to whether or for how long the children actually resided at that address before the onset of illness (extended visits to grandparents, time spent in crèches, with child minders, in kindergarten, on holiday, etc.). However accurate the individual distance determination, it may therefore not reflect the true "exposure" to the NPP.
The problem of interpreting distance as a measure of radiation exposure is shared by all three NPP studies. No data on radiation exposure were available; in particular, the natural background exposure was not taken into account. The variation in natural radiation exposure in Germany is many times higher than the radiation exposure from an NPP in normal operation.
The modeling of a constant distance curve has statistical advantages over categorical models (18, 19) . On the other hand, it carries the inherent risk that a function will be fitted that only partly reflects the true trend of the data. This holds particularly when the distribution of the exposed probands tends to be uneven. Furthermore, certain basic assumptions cannot be disregarded in the modeling. It is particularly important to ensure that the observed data, by definition, do not include any "nonexposed" probands. In other words, the curve assigns an "exposure-dependent risk" to every individual, regardless of distance. It therefore makes sense, for example, to calculate attributable cases only for the range of distance with a genuinely clear effect. Attributable cases are cases that-assuming causality-could be put down to residing in the vicinity of an NPP. Derivation from the complete fitted curve is mathematically feasible, but implies the assumption that a quantitatively relevant "effect" persists right to the outer margin of the study area. This cannot be substantiated by the categorical analyses. These aspects were not taken into consideration in the critical discussion of the authors' evaluation of the study, a theme also taken up in the pages of Deutsches Ärzteblatt (20) . Not unexpectedly, in view of the topic, the public discussion has been heated and emotional (21) . Thus, opinions differ as to whether the results indicate a causal relationship with the exposure to ionizing radiation from NPP. Based on the findings of radiation research such a connection seems implausible, because the radiation emitted by an NPP in normal operation is at least 1000 times lower than "background radiation," i.e., the 1.4 mSv of natural radiation to which the average German is exposed in a year (22) . This comparison is based on a report commissioned by the European Union (23), which gives cumulative lifetime exposure of 0.0003200 to 0.0000019 mSv for a 50-year-old person living within 5 km of a German NPP. In their interpretation of the data, the authors assume normal operation of the NPP. The authors do not know to what extent incidents involving leakage of radiation may have occurred.
No major incidents in Germany are known.
In May 2008 an international workshop on the causes of childhood leukemia, co-organized by the Federal Office for Radiation Protection, was held in Berlin. Participants emphasized that many different factors are involved in the etiology and that a simple monocausal interpretation of the present study's findings is not permissible (6, 24) . Unfortunately, it cannot currently be ascertained whether several such factors occur together in the vicinity of German NPP, thus determining the study's findings. The authors' analyses show that living in a rural area is associated with a higher risk of leukemia, but this has no decisive influence on the main conclusion of the study.
After publication of the recent study, the authors were constantly approached by concerned citizens wanting to know whether it was dangerous to live in the area of an NPP and whether they should perhaps consider moving away. The SIR calculations for the KiKK study, presented here for the first time, are therefore of particular interest. For the whole study region they show almost exact agreement with the national incidence rate. The disease rates in the individual NPP areas fluctuate randomly above or below the national average, but the observed SIR values all lie within the statistical range of fluctuation. While one approach yields a striking result for the 5-km zone (OR = 2. 19 [table 1]) , the other approach gives a result which, though also increased, is not statistically significant (SIR = 1.41 [table 5]). Since the determination of distance using the central point of the community was much less exact than using individual residential addresses, as in the case-control study, a correspondingly less clear measure of effect was to be expected. In this respect the two approaches are not contradictory. Nevertheless, the disease rates, both for the individual NPP sites in the KiKK study with their * 1 Analogous to the study periods of the three NPP studies carried out with data from the German Childhood Cancer Registry * 2 Significant at 5% level, one-sided * 3 Residential address within 5 km or over 5 km (in parentheses, lower limit of CI) * 4 "Kruemmel cases" from the "KiKK administrative districts" (Duchy of Lauenburg, Harburg, and Lueneburg) * 5 From the communities of Geesthacht and Elbmarsch A Ac ck kn no ow wl le ed dg ge em me en nt t Thanks are due to all those who engaged themselves constructively and critically with the study and its conduct and supported the authors. Gratitude is owed to the authors' colleagues, the parents involved in the study's survey component, the local authority registration offices and data centers for providing addresses, and the Society for Paediatric Oncology and Haematology (GPOH) and its clinical studies, without which the high quality of the data in the German Childhood Cancer Registry would not be assured. 
